Introduction
Tibial dyschondoplasia (TD) is a common abnormality found in rapidly growing meat-type poultry, i s characterized by a mass of unvascularized growth plate cartilage, and is influenced by nutrition, management, and genetics (Leach and Nesheim, 1965; Edwards, 1984; Leach and Lilburn, 1992) . The bone is more prone to d eformities and breakage especially during processing, which can lead to downgrading of the carcass or condemnation (Burton et al., 1981) . Although multiple factors that cause TD to occur have been identified, the exact etiology is still not understood. Dietary supplementation with various cholecalciferol metabolites to low-calcium diets as well as to diets adequate in calcium can reduce the incidence and severity of TD (Edwards, 1989 (Edwards, , 1990 Rennie et al., 1993; Rennie and Whitehead, 1996; Roberson and Edwards, 1996; Mitchell et al., 1997; Xu et al., 1997; Zhang et al., 1997) . commercially and has been reported to alleviate the incidence and severity of TD (Mireles et al., 1996; Rennie and Whitehead, 1996) . Others have reported that 25-(OH)D reduces TD in broilers selected for low incidence 3 of TD but not in broilers selected for high incidence of TD (Mitchell et al., 1997; Zhang et al., 1997) . Ledwaba and Roberson (2003) reported that 25-(OH)D reduced TD in 3 Ross cockerels only when dietary calcium was 0.85% or lower in a broiler starter diet. Recently, researchers have shown that 25-(OH)D can 3 improve phosphorus utilization in broiler chicks (Applegate et al., 2000; Angel et al., 2001; Edwards, 2002) . Phosphorus pollution of water has been blamed partially on the poultry industry due to run-off from fields to which manure or litter has been used as fertilizer. However, the ability of 25-(OH)D to improve phytate 3 phosphorus retention has not been consistent (Edwards, 2002; Ledwaba and Roberson, 2003) . Ledwaba and Roberson (2003) reported that phytate phosphorus retention was improved when a TDinducing (low calcium) diet was fed, but not when calcium was fed at 0.85% or higher as would b e expected in a broiler starter diet. Previous studies on the requirement of broiler chicks for 25-(OH)D demonstrated maximal dose-response 3 effects on weight gain, feed efficiency, and breast meat yield between 50 and 70 ug/kg feed with n o supplemental cholecalciferol in the diet (Yarger et al., 1995b) . The basal dosage level of 69 ug/kg feed has been used in other studies (Yarger et al., 1995a; Mireles et al., 1996) because this level is the average o f cholecalciferol fed in commercial broiler diets in the U.S. as reported by Yarger et al. (1995b) . However, later studies investigating the effect of dietary 25-(OH)D on 3 TD incidence and severity suggest that the requirement for 25-(OH)D may be lower (Mitchell et al., 1997) when 3 adequate cholecalciferol is in the diet. Ledwaba and Roberson (2003) reported previously (Ledwaba and Roberson, 2003) . The room in which the brooder was kept contained n o windows and incandescent lighting was provided from the ceiling. Room temperature was maintained at 23 C o and lighting was continuous. Feed and water were provided at all times. The compositions of the cornsoybean meal based diets are listed in Table 1 . Dietary 25-(OH)D premix was donated and delivered to a oxide was used as an external indicator at 0.10% of the basal diet to determine phytate phosphorus retention. At 17 days of age, all birds were weighed individually and half the birds in each pen were killed by cervical dislocation. The right tibia of each bird killed was scored for incidence of TD as described by Edwards and Veltmann (1983) . Two severity score indexes were used which have been previously described (Ledwaba and Roberson, 2003) . Scoring index number 1 averages actual lesions found per pen (but counts a pen without lesions as a zero score) and scoring index number 2 takes into account all birds regardless of presence or absence of TD. The left tibia of each bird was saved for bone ash analysis (AOAC, 1995) . Feed consumption was recorded to calculate conversion of feed to gain. Excreta were collected from each pen over a 24-hr period at the end of each phase for phytate phosphorus 3 3 screen and then through a 0.5-mm screen . Samples 7 8 were digested in a microwave for nutrient analyses. Chromic oxide was measured by the method of Williams et al. (1962) and phytate phosphorus content was determined as described by Latta and Eskin (1980) . Phytate phosphorus retention was calculated using the chromic oxide balance method (Edwards and Gillis, 1959) . Feed calcium was determined by atomic absorption spectrophotometry in 1.0% La solution 10 (26.74 g LaCl /L of physiological saline) using the 3 method described by the manufacturer of the atomic absorption spectrophotometer. Feed phosphorus was determined colorimetrically using the method 11 described by Gomori (1942) . Data were analyzed by ANOVA with the general linear models procedure of SAS software (SAS, 2003) using pen as the experimental unit. Treatment means were separated by the Student-Newman-Kuels test when treatment differences were significant (p<0.05). Because there were no differences in results for percentage data when arc sine transformations were used, analyses of actual percentage data are shown. at the manufacturer's recommended level for commercially grown broilers. The feed was manufactured at a commercial feed mill with pelleting 13 capability. The starter feed was delivered as crumbles and the grower and finisher feeds were provided as 3/16-inch pellets. and the left tibia was saved to determine bone breaking Lighting was from incandescent bulbs only (1 over each strength. Fracture force was determined by the shear pen). The birds were given 24 hr light the first four days block method according to ASAE (1999) standards and and then 23 hr L: 1 hr D the rest of the grow-out. Room the pieces were saved for bone ash determination. temperature was set at 28.3 C the first week and heat Cross sectional area of the shaft of the tibia was o lamps were available. After 7 days, the heat lamps were measured with calipers at the point of the break to removed and room temperature was reduced by about calculate breaking strength. All other laboratory and 1 C each week until room temperature was set at statistical analyses for measurements in Experiment 2 o 23 C at 35 days of age. were conducted the same as in Experiment 1. o Body weight and feed consumption were measured at 16, 42 and 49 days of age and feed conversion was calculated. Feed conversion was expressed on a net basis (feed intake divided by actual gain of live birds) and on an adjusted basis in which body weight gain of birds that died or were culled was added to the sum of body weight gain for the pen. At 48 days of age, 8 males from 8 pens per treatment were randomly selected and killed by cervical dislocation to determine incidence and severity of TD. The right tibia was used to score for TD
Results and Discussion
There were no effects of dietary 25-(OH)D on body 3 weight or feed conversion (feed:gain) in Experiment 1 (Table 2) . Body weight was also not affected b y treatment in Experiment 2 (Table 3) . Feed conversion was decreased at 42 days of age for birds fed 25-(OH)D 3 in the starter period only compared to the control treatment. However, feed conversion was not significantly different from the control group when Means with no common superscript are different at p < 0.05.
a-b
Total score from birds having TD lesions scored 1 to 3 per number of birds with TD in the pen (includes 0 score for pens in which there 1 was no TD). Total score from birds having TD lesions scored 0 to 3 per number of birds in the pen. 2 Percentage of birds that scored number 3 (severe lesion) at the end of the phase. cholecalciferol has been provided in the diet (Edwards, 1989 (Edwards, , 1990 Roberson, 1999; Ledwaba and Roberson, 2003) . (McNutt and Haussler, 1973; Cantor and Bacon, 1978; Yarger et al., 1995b) . Incidence of TD was low in both experiments and was not affected by dietary 25-(OH)D . The incidence of TD 3 found in Experiment 1 at 17 days of age was 12% ( Table  2) . Analysis of dietary calcium showed that it was higher than the calculated level of 0.85% (Table 1) . Ledwaba and Roberson (2003) previously reported a 13% incidence of TD in Ross cockerels at 20 days of age when 0.90% calcium was fed. Other studies have demonstrated that the incidence of TD in Ross broilers is low (<25%) when dietary calcium is greater than 0.85% in a starter diet (Roberson, 1999; Scheideler and Ferket, 2000) . There were no control birds with TD at 35 days of age in Experiment 1 and there was an 8%
48-day-old control birds (Table 3 ). The incidence of TD in broilers is expected to decrease as the bird's age (Roberson and Edwards, 1996) . There was also n o evidence of a difference in bone ash in Experiment 1 ( Table 2) or bone strength in Experiment 2 (Table 3) , or when 25-(OH)D was supplemented to the diet.
3
There was no effect of dietary 25-(OH)D on phytate 3 phosphorus retention at 17 days of age in Experiment 1 ( (Angel et al., 2001; Edwards, 2002; Ledwaba and Roberson, 2003) , but the response is inconsistent (Edwards, 2002; Ledwaba and Roberson, 2003 Total score from birds having TD lesions scored 1 to 3 per number of birds with TD in the pen (includes 0 score for pens in which 2 there was no TD). Total score from birds having TD lesions scored 0 to 3 per number of birds in the pen. 
